REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other
provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) | 2. REPORT TYPE

02/16/2010 Technical Report - Briefing Charts

3. DATES COVERED (From - To)

4. TITLE AND SUBTITLE

lonic Additives for Electrochemical Devices Using Intercalation Electrodes

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Army Research Laboratory Adelphi MD United States

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
Army Research Laboratory Adelphi MD United States

10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
A = Approved For Public Release 12/3/2015 No

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF
a. REPORT | b. ABSTRACT | c. THIS PAGE|  ABSTRACT
U U u

18. NUMBER
OF
PAGES

19a. NAME OF RESPONSIBLE PERSON

19b. TELEPHONE NUMBER (Include area code)

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18



Us ARMyY
@ RDEG‘OD U.S. Army Research, Development and Engineering Command

lonic Additives for Electrochemical

Devices
Using Intercalation Electrodes

WARFIGHTER FOCUSED.

Inventor: Dr. Kang Xu
ARL 09-18 APPROVED FOR PUBLIC RELEASE February 16, 2011



us ARMY

¥ RDECOM Technology Overview

This invention relates to an ionic additive technology that modifies the edge sites of a graphitic
anode to ease Li* (lithium ion) transport. The invention greatly reduces power-robbing effects of

“charge transfer” resistance.
D

How Li lon Battery works
» Liion battery is an “intercalation” battery chemistry
» Graphite is the “universal” anode used in Li ion

batteries N Electrolyte ®

« Li* transport at graphite constitutes the most difficult S 7 = y
step and it dictates the power density of a Li-ion - (o) oy
device /

The new ionic additives form a new &

interphase that facilitates Li* transport

3
L

) @ @

current 60~70 kJ/mol

* Reduces “charge-transfer” resistance by 2/3 ‘ﬁg
» Activation energy barrier lowered to ~40 kJ/mol vs.

» Faster Li* movement = Higher Power Density ®
The additive material is easily available from @
commercial source, is low cost and has ©
minimal impact on the existing battery /<
manufacturing processes Anode 1 1 cathode
Interphases
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Technology Overview

The innovation is part of a family of ionic additive compounds based on a salt with a cation
(positive ion) that can be reduced into metal at > 1.0 V at intercalation sites. The result is

graphite edge sites with “metallic” nature that are more receptive to thse transport of Li*.

e Current electrolyte usually results in ~60-70 kJ/mol energy barrier

and > 3 Q resistance at graphite/electrolyte interphase in a 0.97 cm?

electrode

» < 1% additive of Ag*, Cu?* or Zn?* salt dramatically improved both
interphasial resistance (< 1.5 W) and activation energy barrier (< 40

kJ/mol)

* The metal clusters precisely targets the edge sites of intercalation

electrode, leaving
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[

Challenges addressed by the invention:
— Graphite is the “universal” anode most Li ion batteries
— However, the electrolyte/graphite interface is very resistive

— Previous attempts to address this resistive interface (e.g. metal coating) are difficult,
expensive and “indiscriminate”

These additives in this invention pave a very simple but effective path for surface
modification of graphite or any other intercalation electrode

— Specifically targets the “edge-sites” : Li* intercalation sites

— Achieves “nano-metallization” at the edge sites

— Effectively reduces the interphasial resistance

— Flexible and open system
» Deposition potential of ionic additives tunable
» Can be combined with the 5 V electrolyte technology

Easy access and inexpensive method to prepare
— Precursor materials readily available from commercial source
— Simple mix with state-of-art electrolyte
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Batteries used in electric vehicles (EVs), especially in hybrid power systems, require
high power density

* to capture the regenerative energy only present during the 10 seconds scale
*To release the energy while accelerating

An ordinary graphite anode fails to rapidly capture such energy produced
— Slow Li* transport at edge site interphase doesn’t allow capture or release of
the energy on the required time-scale because of high resistance

— High resistance also leads to metal Li deposition
« Service life shortened

« Potential hazard: fire and explosion

THENE |

LT

This invention provides an easy and simple
solution for a high power density graphitic anode

* Open system: accommodates various cathode
chemistries

* Increased service life and safety
e Can be combined with 5V electrolyte additives

APPROVED FOR PUBLIC RELEASE
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Military applications would significantly benefit from the improvement in commercial
Li ion technologies B

— Major Impact: Military HEV operation and “silence surveillance “ capability
— Reduction of logistic burden
— High power applications: EM gun/EM armor/Directed Energy Weapons

Secondary Power‘Source for
-—Dire_c@d Energy Applications
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M BDEG@ Commercial Applications

The invention can benefit a number of commercial
battery applications, including

E=

» Vehicle electrification applications
(HEV/PHEV/BEV)

» Large-scale energy storage devices (grid-
stabilization, load-levelling)

Additionally, the invention can benefit other

applications that employ intercalation-type
electrodes, including:

— Ultracapacitors
— Hybrid capacitors

 The activated carbon could be modified to
facilitate charge-accumulations at the

. YF Sonata Hybrid
electrolyte/electrode interfaces X '
7T

iy
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A patent license and CRADA is sought.

— The current technology would benefit from a collaboration between
the inventor team and the commercialization partner in order to speed
the development to the market. This would most readily be done
through a CRADA/patent license agreement. The inventor team is

available to work with commercialization partner

 TRL 5 — Fully functioning battery prototypes using coin and pouch cell

formats

A patent application has been filed
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